† In this study, tracheal intubation even in acute quadriplegic patients may not provoke severe reflex bradycardia or cardiac arrest.
Background. We determined cardiovascular responses to tracheal intubation in relation to the time since injury in patients with different levels of spinal cord injury.
Methods. Two hundred and fourteen patients with complete cord injury were studied. They were either quadriplegics (.C7, n¼71) or paraplegics (,T5, n¼143), and were subdivided into six groups each according to the time since injury: ,4 week (acute), 4 week-1 yr, 1-5, 5-10, 10 -20, and .20 yr. Twenty patients with no cord injury served as controls. Systolic arterial pressure (SAP), heart rate (HR), and plasma catecholamine concentrations were determined.
Results. Intubation did not affect SAP in the quadriplegics regardless of the time postinjury, but it significantly increased SAP in all paraplegics. Moreover, the pressor response was enhanced in the paraplegics who were 10 yr or more since injury (P,0.05). HR increased significantly in all groups; the magnitude of the increase was less only in acute quadriplegics compared with controls. Plasma concentrations of norepinephrine increased in every group except for the quadriplegics within 4 weeks of injury. The maximum increases in SAP, HR, and norepinephrine from awake baseline values were smaller in the quadriplegics than in the paraplegics (P,0.01).
Conclusions. The cardiovascular and catecholamine responses to intubation change as a function of the time elapsed and the level of the cord injury. In this study, the pressor response to tracheal intubation was abolished in the quadriplegics but not in paraplegics; indeed, it was enhanced at 10 yr or more since injury in this group.
Keywords: catecholamine; hypertension; intubation; spinal cord injury; tachycardia Accepted for publication: 12 July 2010 It is well known that laryngoscopy and tracheal intubation transiently increase arterial pressure, heart rate (HR), and circulating catecholamines; this is in part attributed to reflex sympathetic discharge. 1 2 In a complete spinal cord injury or transection, the sympathetic nervous system and hence the cardiovascular responses to the intubation may be differentially affected according to the level of injury. 3 4 Furthermore, the time elapsed after the injury may affect the cardiovascular responses to the intubation in spinal cord injury. 5 6 The injury initially results in an interruption of vertical transmission of impulses and local functioning of the distal cord, leading to a loss of distal reflexes and vasomotor tone. 7 Therefore, patients with acute quadriplegia often have a low resting arterial pressure due to inappropriate vasodilatation and loss of cardiac inotropy. 3 Moreover, they frequently exhibit arrhythmias, reflex bradycardia, and cardiac arrest, especially during tracheal suction. 8 In the days to weeks after injury, however, the reflex functioning of the lower cord recovers to maintain normal vascular tone. In the chronic stage, peripheral vascular changes 9 10 and a loss of descending inhibitory control result in paroxysmal hypertension. 3 7 The patient may develop a predisposition to cardiovascular diseases, including lipid disorders, insulin resistance, and obesity, and reduced physical activity patterns.
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The present study was aimed to determine the effect of the level (quadriplegia vs paraplegia) and duration of spinal cord injury on haemodynamic and catecholamine responses to laryngoscopy and tracheal intubation in patients with spinal cord injury. The outcome measures in this study were the changes in systolic arterial pressure (SAP), HR, and catecholamine levels above awake baseline values after intubation.
Methods
The study was performed in 214 patients with traumatic clinically complete spinal cord injury undergoing spinal or non-spinal surgery under general anaesthesia at Chonnam University Hospital from June 2002 to December 2009. The study protocol was approved by the University Hospital Ethics Committee. Written, informed consent was obtained from each patient before starting the study. When patients themselves were unable to give written consent because of their injury, consent was taken from the next of kin.
Patients were divided into two groups according to the most cephalad level of complete motor and sensory lesions: quadriplegia (above C7) and paraplegia (below T5). Each group was divided into six subgroups according to the time elapsed after the injury: ,4 weeks (acute), 4 weeks -1 yr, 1-5, 5-10, 10-20, and .20 yr. Four weeks were defined as acute because life-threatening cardiovascular disturbances frequently occur during that period. 8 Twenty nondisabled patients aged between 22 and 49 yr undergoing minor general, orthopaedic, urological, or gynaecological surgery requiring tracheal intubation served as controls. Patient exclusion criteria were as follows: (i) history of heart failure, atrial or ventricular tachyarrhythmias, second or third heart block, or sinus node dysfunction; (ii) medications that would influence autonomic or cardiovascular responses to intubation; (iii) spinal shock state with or without vasopressors; and (iv) anticipation of difficult ventilation with a face mask. Patients with high-level paraplegia (T1-T4) were also excluded because they were few in number and they showed different haemodynamic and catecholamine responses from the other groups. 4 Neurological examinations were performed by the University Hospital Spine Center according to American Spinal Injury Association standards. 12 Motor function was examined by using key muscles for levels C5 to T1 and L2 to S1, and total paralysis of motor strength was regarded as a complete lesion. Sensory level was examined by light touch and pinprick at each dermatome, and anaesthesia and analgesia were regarded as a complete lesion. Patients received no premedication. Before arrival in the operating theatre, an i.v. catheter was placed to allow the administration of fluids and medications and a 20 G catheter was inserted into a radial artery to measure arterial pressure and for blood sampling. HR, pulse oximetry, and capnography were recorded continuously using an S/5 Anaesthesia Monitor (GE Healthcare, Helsinki, Finland). All external stabilizing devices-including soft and hard collars, halo vest, and weighted traction-were removed before induction of anaesthesia. For each patient, a rest period of at least 30 min was provided between vascular cannulation and starting the protocol.
After recording baseline values and 3 min of preoxygenation, anaesthesia was induced at time -90 s (90 s before the onset of intubation) with sodium thiopental 5 mg kg 21 administered i.v. over 20 s, followed by succinylcholine 1 mg kg 21 for 5 s. Direct laryngoscopy and tracheal intubation were performed 60 s after administration of succinylcholine (time 0), and anaesthesia was maintained with nitrous oxide 50% and sevoflurane (2% inspired) in oxygen with a fresh gas flow of 4 litre min 21 maintained throughout the study. Manual ventilation, laryngoscopy, and tracheal intubation were performed in all patients by an experienced faculty anaesthetist. No effort was made to fully expose the glottis during laryngoscopy; exposure was limited to that necessary to allow passage of the tracheal tube through the vocal cords under direct vision. In patients with unstable cervical spine fracture or high spinal cord injury, cervical immobilization was maintained manually by a member of a skilled anaesthesiology team to reduce the likelihood of secondary neurological injury during the process of intubation. Data from patients in whom intubation required longer than 15 s were excluded. After intubation, the lungs were mechanically ventilated to maintain an end-tidal CO 2 tension between 4 and 4.5 kPa. SAP and HR were recorded by an independent investigator before induction of anaesthesia (baseline), just before laryngoscopy and intubation (time 0), and at 1 min intervals up to 5 min thereafter. Hypertension was defined as an SAP.130% of the baseline value or .160 mm Hg; hypotension was defined as an SAP,70% of the baseline value or ,90 mm Hg. When SAP exceeded 180 mm Hg, the sevoflurane concentration was increased. Tachycardia and bradycardia were defined as HR .120 and ,60 beats min 21 ,
respectively. The incidences of hypertension, hypotension, tachycardia, and bradycardia were recorded throughout the study. A dysrhythmia was defined as any ventricular or supraventricular premature beat or any sustained rhythm other than sinus. The incidence of dysrhythmia after the intubation was also compared among the groups. Arterial blood samples were drawn before induction of anaesthesia (baseline) and 1 min after the onset of intubation for measurement of plasma catecholamine concentrations. The samples were collected into prechilled tubes containing EDTA/Na and immediately centrifuged at 3000 rpm for 10 min at 48C. The plasma was stored at 2708C until assayed. Plasma concentrations of epinephrine and norepinephrine were measured in duplicates by using highpressure liquid chromatography. 13 The assay sensitivity was 10 pg ml 21 , and the within-run precision coefficients of variation were 14.2% and 13.5% for epinephrine and norepinephrine, respectively.
Statistical analysis
The sample size calculation was based on the primary endpoint of the increase in SAP above baseline values after tracheal intubation. In our pilot study, the mean and standard deviation of the maximum increase in SAP above baseline value after tracheal intubation in the control group were 45 and 15 mm Hg. A power analysis suggested that a sample size of nine patients in each group should be adequate to detect a 20 mm Hg difference in the maximum increase in SAP above baseline value after tracheal intubation with a two-tailed significance level a of 0.05 and a power of 0.8. Data are expressed as number or mean (SD). They were analysed using StatView software version 4.0 (Abacus Concepts, Berkeley, CA, USA) on a Macintosh computer. Serial changes in cardiovascular and also catecholamine data were analysed using two-way analysis of variance with repeated measures, with time as a within-group factor and group (spinal cord injury/control) as a between-group factor. The interaction between time and group was also examined. The maximum increases in SAP, HR, and catecholamine above baseline values after tracheal intubation were analysed using two-way analysis of variance with the duration of injury and group (quadriplegia/paraplegia) as main factors, and the interaction between duration of injury and group was also examined. The Scheffé test was used for multiple pairwise comparisons when a significant difference was indicated with analysis of variance. Complication rates among the groups were analysed by using the x 2 test
where appropriate. A P-value of 0.05 was considered statistically significant.
Results
There were no significant differences among the groups with respect to sex ratio and age except that the paraplegics whose injury elapsed more than 10 yr previously tended to be older (Table 1) . Baseline systolic pressure and HR did not differ between quadriplegics and paraplegics except for a lower baseline HR in acute quadriplegics ( Table 2) . Twenty-five quadriplegics (56.8%) and 100 paraplegics (83.3%) had local flap surgery because of decubitus ulcer. All quadriplegics and all paraplegics but one (who had shoulder surgery) within 4 weeks of injury, five of 44 quadriplegics thereafter, and five of 120 paraplegics underwent anterior, posterior, or both spinal fusions. SAP decreased after the induction of anaesthesia with thiopental in all subjects including the controls (P,0.05). SAP then increased in response to tracheal intubation in the control and paraplegics (P,0.001), whereas it remained unaltered in the quadriplegics regardless of the time since injury. In the paraplegics, the magnitude of maximum increase from baseline values was similar within 10 yr of injury, but was higher thereafter compared with that in the controls (P,0.05). The maximum increase in SAP from baseline values after tracheal intubation was greater in the paraplegics than in the quadriplegics (P¼0.0001); the magnitude of this was, however, different between the two groups according to the time since injury (P¼0.012) (Fig. 1 ). An increase in SAP.130% of preinduction baseline values or 160 mm Hg was noted in three (4.2%) of 71 quadriplegics and 94 (65.7%) of 143 paraplegics. The incidence of hypertension was significantly lower and that of hypotension significantly higher in the quadriplegics than in the control (Table 3) . HR increased after induction of anaesthesia in all groups. In response to tracheal intubation, HR increased further; however, the magnitude and peak values were less in the acute quadriplegics than in the others. The maximum increase in HR from baseline values after tracheal intubation was greater in the paraplegics than in the quadriplegics (P¼0.0066), but this was not affected by the time since injury (P¼0.6444) (Fig. 1) . The incidence of tachycardia was higher in the paraplegics who were 4 weeks -10 yr postinjury and that of bradycardia higher in the quadriplegics who were within 4 weeks of injury. Although baseline bradycardia was common in the acute quadriplegics, none of them showed further slowing during induction of anaesthesia and tracheal intubation. Premature ventricular contractions appeared immediately after tracheal intubation in two of 20 in the control, six of 71 in the quadriplegics, and 13 of 143 in the paraplegics. The arrhythmia disappeared spontaneously without treatment (Table 3) .
Baseline norepinephrine and epinephrine concentrations were less in the quadriplegics and similar in the paraplegics, except an increase in norepinephrine in the paraplegics within 4 weeks of injury, compared with those in the control (Table 2 ). Tracheal intubation increased plasma norepinephrine concentrations in all subjects except the acute quadriplegics; the magnitude of the increase was attenuated in the quadriplegics after 4 weeks after injury, and was comparable in all the paraplegics regardless of the time postinjury. The maximum increase in norepinephrine concentrations from baseline values after tracheal intubation was greater in the paraplegics than in the quadriplegics (P¼0.0001); the magnitude of this increase was not affected by the duration of injury (P¼0.494) (Fig. 1) . Epinephrine concentrations were not significantly different between before and after intubation either in the quadriplegics or in the paraplegics, nor were they different between the groups with regard to the duration of injury (P¼0.1764).
Discussion
Our results demonstrate that the haemodynamic and catecholamine responses to tracheal intubation differ according to the duration and the level of cord injury. The pressor response was abolished in all quadriplegics regardless of the time elapsed after the injury. In contrast, the chronotropic and catecholamine responses differed over time. The chronotropic response was attenuated and the catecholamine response abolished in the acute quadriplegics. The chronotropic and catecholamine responses were improved in the quadriplegics after 4 weeks since the injury. In the paraplegic patients, cardiovascular responses did not change in the 10 yr after injury and the pressor response was enhanced at 10 yr or more after injury.
The cardiovascular responses to laryngoscopy and intubation are attributed to a reflex sympathetic discharge elicited by stimulation of the upper respiratory tract. Sympathetic preganglionic neurones to the heart exit the spinal cord between T1 and T4, those to the vascular bed arise from T1 to L2, and those to the adrenal medulla from T3 to L3. 14 15 Patients with complete cervical cord injuries (quadriplegics) lose all sympathetic outflow. Consequently, the pressor response to intubation was abolished in the quadriplegics (n¼10 and 29) ; .20 yr, longer than 20 yr after the injury (n¼1 and 18). *P,0.05 vs the control; † P,0.05 vs the corresponding quadriplegic group. There was a significant interaction between the duration and the level of injury in DSAP (P¼0.01), but not in DHR (P¼0.64) and DNE (P¼0.49).
regardless of the duration of the injury, being in agreement with previous observations. 4 5 After a complete cervical cord injury, a parasympathetic impulse via the vagus nerve is the only supraspinal control over the heart. Quadriplegics thus may fail to respond with an increase in HR, thereby exhibiting bradycardia. Indeed, quadriplegics who have sustained recent injury frequently show bradycardia not only with changes in position, but also with Valsalva manoeuvres or increased intrathoracic pressure. 16 Lehmann and colleagues 8 observed severe reflex bradycardia and cardiac arrest in five (17%) of 31 individuals with acute severe cervical cord injury during tracheal suction, although no episodes were observed in 40 patients with mild cervical or thoracolumbar injuries. Nevertheless, we observed an apparent tachycardia in response to the intubation in all quadriplegics. Afferent inputs from the lung and airway travel along both the vagus and the sympathetic nerves to the upper thoracic segments, 17 whereas those from the pharyngolaryngeal regions traverse through the glossopharyngeal and vagus nerves to the vasomotor centre. 18 Such a difference may explain different HR responses between tracheal intubation and broncho-carinal stimulation. This is supported by the finding that acute sympathectomy, induced by cervical epidural block (C4-T8), did not attenuate the circulatory responses to laryngoscopy and tracheal intubation but prevented them in response to broncho-carinal stimulation. 19 Tracheal intubation may not provoke severe reflex bradycardia or cardiac arrest even in the acute stage of quadriplegia, unlike broncho-carinal stimulation.
In the present study, however, the quadriplegics showed significantly lower baseline and maximal HR within 4 weeks of injury than the controls. Moreover, the magnitude of maximum increases in HR from baseline after tracheal intubation was smaller in the quadriplegics than in the paraplegics (P¼0.0066) (Fig. 1) . These findings suggest an altered sympathetic activity in the quadriplegics. Either sympathetic or the parasympathetic activity alone may have the capability to maintain cardiovascular homeostasis when the other has been severely compromised. Because sympathetic innervation of the heart is completely interrupted in the quadriplegics, autonomic activity related to heart rhythm is likely to be mediated only through the vagus. Indeed, Koh and colleagues 20 have found that most quadriplegics have a low-frequency R-R interval that is proportional to arterial pressure, which is abolished by atropine. Similarly, Grimm and colleagues 21 examined HR variability in quadriplegics and paraplegics, showing that the resting sympathetic and parasympathetic outflows were lower when the level and extent of injury were higher and more complete. However, the chronotropic response associated with a reduced vagal activity may not be sufficient to compensate for the diminished sympathetic nervous activity, especially in the acute stage, with improvement occurring over time. 8 On the other hand, the cardiovascular responses to intubation were not altered in either acute paraplegics or paraplegics where the time elapsed since injury was more than 4 weeks. Paraplegic patients ,4 weeks post-injury showed increased basal and post-intubation norepinephrine concentrations, whereas patients thereafter showed catecholamine concentrations similar to those in the control group. These findings suggest differences in homeostatic mechanisms to preserve circulation depending on the time since injury. To compensate for a reduced sympathetic activity below the level of injury with resultant hypotension due to abdominal or lower limb blood pooling, sympathetic outflows from upper thoracic cord rostral to the injury in baseline conditions and during intubation may be augmented, especially in the acute stage in the paraplegics. 22 However, autonomic and reflex activity may be gradually restored over time. Loss of descending inhibitory control; alterations of adrenoceptor function; or a decreased reuptake, rather than an increased .20 yr
release, of catecholamines may lead to an enhanced pressor responsiveness in the chronic stage. 3 7 In the paraplegics, the pressor response to intubation was enhanced at 10 yr or more (Fig. 1) . This finding may indicate that the chronic paraplegics have a propensity towards an enhanced pressor response to intubation. Patients with spinal cord injury, due to autonomic dysfunction, have a high prevalence of virtually all the major risk factors for hypertension, including obesity, lipid disorders, metabolic syndrome, and diabetes. 11 In addition, a decreased physical activity may increase a risk of high arterial pressure in spinal cord injury. 23 Moreover, chronic paraplegics were older than the controls in the present study. The SAP increased to more than 160 mm Hg in 94 (65.7%) of 143 paraplegic patients. Moreover, the pressor response was enhanced in the chronic paraplegics. In contrast, onefourth of quadriplegics developed hypotension during anaesthesia induction. This transient hypertension and hypotension may be hazardous, particularly in those with limited coronary or myocardial reserve, hypertension, or cerebrovascular diseases. 24 Individuals with spinal cord injury are at a particularly increased cardiovascular risk. 11 In fact, coronary artery disease is one of the most important causes of death in patients with spinal cord injury. 25 Moreover, because autoregulation of blood flow is lost in the injured spinal cord, especially during the acute stage, hypotension may jeopardize cord perfusion. 26 Our study has several limitations. First, a rapid sequence technique with succinylcholine is preferable in acute cord-injured patients who are at increased risk of pulmonary aspiration. To standardize the study technique, this was used in all patients and so patients who were at increased risk of hyperkalemia after succinylcholine were excluded. 27 Secondly, the data collection was not performed in a blinded fashion. However, since many of the observations are objective (e.g. SAP and HR) and an investigator not involved in anaesthetic care recorded the data, we feel that a lack of blinding is unlikely to have influenced the results. Thirdly, risk of cardiovascular disease increases with increasing age after spinal cord injury, 23 and the pressor response to intubation may be greater when the duration of injury is longer because of this. In the present study, however, patients were classified up to the duration of the injury .20 yr because of the limited sample size. Further classification over 30 yr may yield different results. In addition, the small number of patients who existed in each group (n¼1-30) might have precluded our ability to detect differences among the groups.
In conclusion, the circulatory and catecholamine responses to laryngoscopy and tracheal intubation may differ according to the time elapsed and the level of injury in spinal cord injury. The pressor response to tracheal intubation was abolished in the quadriplegics, whereas it was not affected within 10 yr and rather enhanced thereafter in the paraplegics. Although tracheal intubation similarly increased HR in every group, the magnitude was attenuated in the acute quadriplegics. The catecholamine response was abolished in the quadriplegics who were within 4 weeks of injury and attenuated thereafter. It was exaggerated in the paraplegics within 4 weeks of injury.
